Abstract. The rapid and accurate detection of partial discharges (PD) ensures the safe operation of the power grid. It is important to improve the reliability of power supply. When a partial discharge (PD) occurs, acoustic wave will be produced. Usually the partial discharge (PD) produces an acoustic wave frequency of about a few kHz in the gas. This article will use the acoustic simulation module in the Comsol Multiphysics software to simulate the propagation of ultrasonic waves inside and outside the switchgear. Since the transmission of ultrasonic waves is affected by many factors, the geometry of the switchgear is the main factor affecting the propagation of ultrasonic waves. Therefore, this paper will simulate the transmission process of ultrasonic waves under different conditions. Exploring the impact of different monitoring locations on monitoring results through simulation. Through the analysis of the simulation results of the ultrasonic propagation process, we got the following conclusions. As the thickness of the switchgear cabinet increases, it only affects the amplitude of the signal. Opening a hole in the cabinet of the switchgear makes it easier to detect ultrasonic signals outside the cabinet. As the number of openings in the cabinet of the switch cabinet increases, the amplitude of the signal monitored outside the cabinet increases. Four monitoring points are placed on the front, back, upper and lower sides of the switchgear cabinet. Through the simulation of the ultrasonic transmission process, it can optimize ultrasonic testing method and provide guidance for the detection method of ultrasonic waves in production activities.
Introduction
Medium voltage switchgear (MVS) is a commonly used device in power systems due to its small size, high economy and good insulation. However, the demand for electrical energy is increasing, making it more susceptible to inherent insulation defects that can lead to fatal insulation failures [1] . Due to the influence of electrical, thermal, chemical and other factors, electrical equipment must have insulation degradation during long-term operation, which in turn causes partial discharge (PD). Partial discharge refers to a partial discharge process that occurs inside a solid insulation or on a surface that does not penetrate the electrode. In the early stage of equipment insulation degradation, there is often a partial discharge phenomenon, and this partial discharge itself will further accelerate the deterioration of the insulation. Because partial discharge is only partial breakdown of the insulation, each discharge will have slight damage to the insulation. Because of the majority of cases of switchgear failure caused by partial discharge, it is of great significance to study and monitor the partial discharge of high voltage switchgear [2, 3] .
At present, the monitoring of partial discharge of high-voltage switchgear is usually a system of regular maintenance. However, this method has a long maintenance period, and it is impossible to find defects occurring between the two inspections in time, and it is also possible to overhaul the equipment without failure, resulting in waste of resources and an increase in cost. Therefore, in addition to the moderate periodic maintenance of the high-voltage switchgear equipment, it is necessary to carry out state maintenance [4, 5] . Researches had been dedicated to study the measurements of partial discharge (PD) in electrical equipment for decades, and many technologies were well established such as acoustic emission (AE) method, ultra high frequency (UHF) method, transient earth voltage (TEV) method and phase resolved partial discharge (PRPD) method [6] .
When partial discharge occurs, in the discharge region, the molecular motion is intense and collides with each other, and acoustic waves are generated macroscopically, and acoustic waves having a frequency greater than 20 kHz are generally referred to as ultrasonic waves. A method of determining a partial discharge by detecting an ultrasonic signal generated by partial discharge is called a partial discharge acoustic emission (AE) method. Systematic investigations on the application of acoustic emission (AE) method were conducted by Lundgaard [7] , who concluded that it was effective in PD detection and location. Besides, Lundgaard recommonded to combine the AE with electrical detection methods for higher accuracy and effeciency. This article will numerically simulate the propagation of acoustic waves inside the switch cabinet to provide guidance for acoustic emission (AE) method.
Establishment of Simulation Model
COMSOL Multiphysics is a versatile engineering simulation software platform. Its core products can be operated separately or in combination with any combination of modules to simulate product design and processes in electromagnetic, structural mechanics, acoustics, fluids, heat transfer, chemical and other fields. The simulation of acoustic wave propagation in the time domain was carried out. The Acoustic Simulation Module in COMSOL Multiphysics provides a basic framework for simulating acoustic wave propagation quickly and easily [8] . The dominant equation is as follows:
where ρ is the density of the medium, c is the speed of acoustic in the medium, p is the acoustic pressure, and Q m is the source. c=343m/s. Considering that three-dimensional problems require computational precision required by massive computational grids and time domain analysis, in acoustic simulations, in order to resolve acoustic waves, at least four grid nodes are required for one wavelength. Make N=5, c=343m/s, acoustic frequency f = 5kHz, The maximum width of the grid h≈1.38cm. The size of the real switchgear is undoubtedly too large for simulation, so we chose a reduced size as the simulation area. Size is 8cm 5cm 16cm.
Since the transmission of acoustic waves is affected by many factors, the geometry of the switchgear is the main factor affecting the propagation of acoustic waves. Therefore, this paper will simulate the transmission process of acoustic waves under different conditions, such as the size of the switchgear, the thickness of the switch cabinet, the presence or absence of the openings, the number of the openings.
Simulation Process and Result

Characteristics of Sound Wave Propagation
The cabinet measures 8cm 5cm 16cm and has a thickness of 1 cm. On one of the sides, there is a opening of 2mm in height. A Gaussian point source is set inside the switchgear to generate an acoustic pulse with a bandwidth of 5 kHz. A large cuboid enclosure is set outside the switchgear to detect leaking acoustic signals. A detection point is set on each of the upper and lower sides. The detection point 1 is located near the opening, the detection point 2 is located on the lower bottom surface near the opening, the detection point 3 is located on the back side opposite to the opening, and the detection point 4 is located on the top surface. Fig. 1 shows the propagation of sound waves inside and outside the switchgear. 
The Effect of the Number of Openings in the Switchgear on the Transmission of Sound Waves
As shown in Figure 2 , when the hole is opened on one side, the structure of the metal cabinet changes, and a window for sound wave leakage is provided. After the point source sound wave is generated, it expands to the periphery. After encountering the metal cabinet wall, a part of the interior is reflected and superimposed, and a part is transmitted out. Fig. 2 is a graph of signal changes over time at four detection points. First, the signal intensity of the 1 detection point and the 2 detection point close to the opening is about 5 to 6 times that of the non-opening, and the initial amplitudes of the detection points 3 and 4 are slightly increased. Second, the frequency of the signal changes from about 60 Hz to 13.3 Hz (cycle is 0.075). Finally, the high-frequency components of the signals of the detection points 1 and 2 are many, and the signals have irregular shapes. The maximum amplitude of the signal at detection point 1 indicates that the detection is most advantageous here.
Shown as Fig. 3 , the signal amplitude of the detection point 1 is much larger than the signal amplitude of several other detection points. The sound wave signal penetrates from the hole and radiates to the outside, the energy is quickly dissipated, and the signal amplitude of the detection points 2, 3, and 4 drops rapidly. So increasing the opening is beneficial for testing. Fig. 4 is the acoustic signal of each detection point outside the cabinet when the wall thickness is changed to 2 cm. Increasing the wall thickness only affects the amplitude of the signal. This is because both the wall thickness and the wavelength are on the order of centimeter, and increasing the wall thickness hinders the diffraction of the sound waves. If the wall thickness is much smaller than the wavelength, the diffraction effect of the acoustic wave is significant, and increasing the wall thickness within a suitable range (ensuring that the wall thickness is much smaller than the wavelength) has less influence on the signal. 
Influence of Wall Thickness of Switch Cabinet on Acoustic Signal Propagation
Conclusion
Simulation results on propagation process of acoustic emission in medium voltage switchgear were summarized in this paper. In the Comsol Multiphysics acoustic module, the switch cabinet is built by three-dimensional (3D) modeling and meshed in this module. The influence of the number of opening of the switchgear and the wall thickness of the switchgear on the acoustic signal propagation is also discussed.
(1) Four monitoring points are placed on the front, back, upper and lower sides of the switchgear cabinet. The most recent monitoring point from the acoustic source detects the ultrasonic signal first, and the signal detected by the monitoring point which is close to the opening of the box has the largest amplitude.
(2) As the acoustic signal is transmitted from the hole and radiated to the outside, the energy is quickly dissipated, and the amplitude of the signal detected by the external detection point drops rapidly. It can be found that the opening is more favorable for the detection.
(3) Increasing the wall thickness only affects the amplitude of the signal. If the wall thickness is much smaller than the wavelength, the diffraction effect of the acoustic wave is significant, and increasing the wall thickness within a suitable range (ensuring that the wall thickness is much smaller than the wavelength) has less influence on the signal.
